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Abstract
This paper presents and compares two different DEA models used to evaluate the efficiency of Brazilian Olympic 
Confederations in using the financial funds (from the Agnelo/Piva Law in 2011) e transform them into results, that is, 
medals. We use two different models, in both models the funds coming from the Agnelo/Piva Law distributed in 2011 is
considered as an input, in order to evaluate how efficiently these funds were being converted into results by each one. The 
main difference between these two models is how each one of them used the data related to the number of gold medals 
offered by each sport in 2011 Guadalajara Pan American Games and also the data related to the number of gold, silver and 
bronze medals won by each sport during this same competition. The number of gold medals offered represent a proxy for 
difficulty measure in winning a medal. The first model considered these data as a second input and the number of gold, 
silver and bronze medals won by each sport were considered as outputs. The second model used only the funds received by 
each Confederation as an input and it used three outputs, which were formed by a ratio of the first model’s output to the 
number of gold medals offered by each sport. After comparing these models, the results obtained by each one of them are 
presented and discussed in order to determine the best approach to perform an efficiency evaluation of Olympic sports.
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1. Introduction
As the host country of the 2016 Olympic Games, Brazil is in a position of great international visibility and, 
consequently, the concern about the country results in such event has been increasing. Each Brazilian Olympic 
Confederation, which can represent one or more sports, receives funds to keep its activity, investing in training 
the competitors. Therefore, it is important to analyze if these funds are being well invested in order to ensure 
good results during the competitions.
With the aim of contributing to improve the Brazilian Olympic sports performance, this paper presents two 
different Data Envelopment Analysis (DEA) models that were proposed in order evaluate the efficiency of the 
Brazilian Olympic Confederations regarding how they are converting the funds received into results. The first 
model has five variables, two inputs, the financial funds and the number of medals offered in each sport; and 
three outputs, the gold, silver and bronze medals won. The second model has four variables, as one input in the 
previous model (the number of medals offered) is used to calculate the three outputs use in this model 
(proportion of gold, silver and bronze medals won in sport). The purpose in using these outputs in the second 
model is to take into account the difficulties in winning a medal: less medals offered by a given sport, fewer 
opportunities of winning; conversely, more medals offered, more opportunities of winning a medal. 
For both models a variable returns to scale model is used, both input oriented. In the first case, due to the 
input financial funds we use a non- controllable model, in the second case we use a simple BCC model. To 
account for the difference in importance of the gold, silver and bronze medals, we introduced weight restriction 
in both models. The results observed will give insights about these two different approaches for evaluating 
efficiency in using the financial funds and translating them into results.
This paper is divided into five sections. In section 1 the motivation and the aim of the work is presented. 
Posteriorly, in section 2, the theoretical explanation of the methodology used in the paper and its main features 
are exposed. In section 3, it is shown how Data Envelopment Analysis was used to reach the results, presented 
in section 4, where it is found also a discussion about these results. Finally, final comments and future 
developments are made in section 5.
2. Data Envelopment Analysis
Data Envelopment Analysis (DEA) [1] is a mathematical technique used to evaluate the efficiency of a 
productive units group, called Decision Making Units (DMUs). DEA involves the use of Linear Programming 
(LP) models to determine the relative efficiency of each DMU. A group of DMUs represents productive units 
that, with the same targets and with the use of the same kind of resources (inputs), generate products (outputs). 
Many DEA models have been proposed and all of them can have two orientation: input oriented model, used 
when the goal is decreasing the inputs keeping the outputs constant, and output orientation, used when the 
target is increasing the outputs keeping the inputs constant.
In this paper, as already mentioned, two different models are presented and each one are built based on a
different DEA basic model. One of the models is based on the BCC model [2], one of the DEA classical ones.
The main feature of the BCC model is that it allows variable returns to scale, avoiding possible problems 
caused by imperfect competition situations. In (1-5) it is presented the mathematical formulation of a BCC 
input oriented model. 
ܯ݅݊              ݄଴                                                       (1)           
ܵݑܾ݆݁ܿݐ ݐ݋    ݄଴ݔ௜଴ ൒ σ ߣ௞௡௞ୀଵ ݔ௜௞  ,׊݅ (2)
ݕ௝଴ ൑ σ ߣ௞௡௞ୀଵ ݕ௝௞ ,׊݆ (3)
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σ ߣ௞௡௞ୀଵ = 1                                                  (4)
ߣ௞ ൒ 0,׊݇ (5)
In the model presented in (1-5) the term ݄଴ consists on the efficiency of the DMU ݋, which is also the 
reduction inputs factor; ݔ௜௞ and ݕ௝௞ represent, respectively, the value of inputs ݅ and outputs ݆ of a DMU ݇; ߣ௞
represents the contribution of each DMU ݇ in the composition of the target of DMU ݋.
The second model used in this paper is based on a DEA non-radial model [3], which is very similar to the 
BCC model [2]. This model also allows variable returns to scale, avoiding possible problems caused by 
imperfect competition situations. However, there is a big difference between them: the DEA non-radial model 
accepts the existence of non-controllable variables, variables that cannot be modified by the decision maker, 
while the BCC model does not accept these variables in the inputs, when input oriented, or in the outputs when 
output oriented. In (6-11) it is presented the mathematical formulation of a DEA non-radial input oriented 
model.
ܯ݅݊                 ݄଴
ܵݑܾ݆݁ܿݐ ݐ݋    ݄଴ݔ௜଴஼ ൒ σ ߣ௞௡௞ୀଵ ݔ௜௞஼  ,׊݅                                    
                                                     
ݔ௜଴ே஼ ൒ σ ߣ௞௡௞ୀଵ ݔ௜௞ே஼  ,׊݅               
                                                                                          
ݕ௝଴ ൑ σ ߣ௞௡௞ୀଵ ݕ௝௞ ,׊݆
σ ߣ௞௡௞ୀଵ = 1
ߣ௞ ൒ 0,׊݇
(6)
(7)
(8)
(9)
(10)
(11)
The letters used in the (1-5) are also used in (6-11) with the same meaning. In this case, the inputs having ܥ
as an index are the controllable ones, while those having ܰܥ as an index are the non-controllable ones.
Comparing the two mathematical formulations, we can see that the only difference between them is that the 
restriction (2) in the BCC model is divided into two different restrictions (7-8). We can note that the restriction
(7) concerns only the controllable inputs, that are multiplied by the term ݄଴ in the left part of the equation. 
However, the restriction (8), very similar to the other one, concerns only the non-controllable inputs, that are 
not multiplied by the term ݄଴ in the left part of the equation. This model in (6-11) is a non-radial model because 
not all input variables are allowed to decrease, due to the non-controllable inputs. 
It was pointed out in [4] that additional information about the variables was translated into weight 
restrictions [5] and included in the model, as we can see in (12). In order to include the weight restrictions in 
the models presented in this paper, the similar restrictions represented by (3) and (9) were transformed into the 
restriction represented by (12). 
ݕ௝଴ ൑ σ ߣ௞௡௞ୀଵ ݕ௝௞ െ ܣ௧ߛ௜ ,׊݆ (12)
The term ܣ௧ߛ௜ represents the coefficients matrix of the outputs weights restrictions, Au ൑ 0, as presented in 
[6] and also used in [7]. The weight restrictions added in the model will be explained in the next section.
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3. Modeling
The Olympic Confederations taken as DMUs in this paper are the ones that could participate to the 2011 
Guadalajara Pan American Games and that also received funds from the Agnelo/Piva Law in 2011. This Law 
was sanctioned in 2001 and determines that 2% of the gross revenues from the Brazilian federal lotteries must 
be destined to the Brazilian Olympic Committee, which receives 85% of the amount, and to the Brazilian 
Paralympic Committee, which receives the 15% remaining. Both these Committees must invest 10% of the 
amount received in school sport, 15% in university sport and the 75% in the Brazilian Olympic Confederations. 
Some sports, as Soccer and Bowling, despite having Brazilian competitors in the Games, they are not 
considered in this paper since they didn’t receive any funds coming from the Agnelo/Piva Law in 2011. Even 
not having Brazilian competitors in the Games, the Hockey on Grass is considered as DMU because it received 
funds coming from the Agnelo/Piva Law in 2011. In total there are 26 Sports Confederations considered as 
DMUs in this study.
Moreover, the study didn’t use results of Brazilian Olympic sports in the Olympic Games because previous 
research, as in [4] showed that results obtained by Brazil in these Games were scarce to determine the sports 
efficiency, as there are many null results for many sports. As Brazil has always a better performance in the Pan 
American Games, the solution found were using data from these Games. In fact, the use of the results of a 
different competition helps evaluate the use of the financial funds from the Agnelo/Piva Law, as their funds are 
used in a specific sport for all competitions happening in a given year (and following years) that are a 
preparation for the main and worldwide competition as are the Olympic Games.
The first model, which is based on a DEA non-radial model, is similar to the formulated in [8]. It was 
formulated using two inputs and three outputs. The first input is represented by the funds coming from the 
Agnelo/Piva Law that were transferred to each Olympic Confederation by the Brazilian Olympic Committee in 
2011. This input measures the amount of money available for each sport investment. The second one is the 
number of gold medals offered for each sport in the 2011 Guadalajara Pan American Games, as a proxy for 
difficulty measure in winning a medal. This second input represents the non-controllable variable of the 
problem. The outputs are the number of gold, silver and bronze medals won by each sport during the same 
sporting event. The Table 1 presents all the data of the first model.
Table 1. First Model’s Data
Confederations
Inputs Outputs
Funds (R$) OfferedMedals
Gold 
Medals 
won
Silver 
Medals 
won
Bronze 
Medals 
won
Athletics 3 000 000.00 47 10 6 7
Badminton 1 300 000.00 5 - - 1
Basketball 2 100 000.00 2 - - 1
Boxing 1 700 000.00 13 - 2 5
Canoeing 2 300 000.00 12 - 2 2
Cycling 2 300 000.00 18 - - -
Water Sports 3 000 000.00 46 10 9 11
Fencing 1 100 000.00 12 - - 3
Gymnastics 2 800 000.00 24 6 3 5
Handball 3 000 000.00 2 1 1 -
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Horse Riding 2 900 000.00 6 - 1 2
Hockey on Grass 1 300 000.00 2 - - -
Judo 3 000 000.00 14 6 3 4
Weightlifting 1 100 000.00 15 1 - -
Wrestling 1 500 000.00 18 - 1 1
Modern Pentathlon 1 300 000.00 2 - 1 -
Oar 1 900 000.00 14 - 2 -
Rugby 500 000.00 1 - - -
Taekwondo 1 200 000.00 8 - - 1
Tennis 1 800 000.00 5 - 1 1
Table Tennis 2 300 000.00 4 1 - -
Archery 1 300 000.00 4 - - -
Sports Shooting 2 000 000.00 15 1 - 5
Triathlon 2 000 000.00 2 1 - 1
Sailing 3 000 000.00 9 5 1 1
Volleyball 3 000 000.00 4 4 - -
The second model, based on a BCC model, is just a little different from the first one. It was formulated using 
one input and three outputs. The only input is also a first model’s input and it is represented by the funds 
coming from the Agnelo/Piva Law that were transferred to each Olympic Confederation by the Brazilian 
Olympic Committee in 2011, also measuring the amount of money available for each sport investment.
However, the main difference of the second model is based on how it uses the data related to the number of 
gold medals offered by each sport in the 2011 Guadalajara Pan American Games and also the data related to the 
number of gold, silver and bronze medals won by each sport during this same competition. This model 
gathered this information in three outputs. Each one of them was formed by a ratio of the first model’s output 
to the number of gold medals offered by each sport. The Table 2 presents all the data of the second model.
Table 2. Second Model’s Data
Confederations
Inputs Outputs
Funds (R$)
Gold Medals 
won / Offered 
Medals
Silver Medals 
won/ Offered 
Medals
Bronze Medals 
won/ Offered 
Medals
Athletics 3 000 000.00 0.2128 0.1277 0.1489
Badminton 1 300 000.00 - - 0.2000
Basketball 2 100 000.00 - - 0.5000
Boxing 1 700 000.00 - 0.1538 0.3846
Canoeing 2 300 000.00 - 0.1667 0.1667
Cycling 2 300 000.00 - - -
Water Sports 3 000 000.00 0.2174 0.1957 0.2391
Fencing 1 100 000.00 - - 0.2500
Gymnastics 2 800 000.00 0.2500 0.1250 0.2083
Handball 3 000 000.00 0.5000 0.5000 -
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Horse Riding 2 900 000.00 - 0.1667 0.3333
Hockey on Grass 1 300 000.00 - - -
Judo 3 000 000.00 0.4286 0.2143 0.2857
Weightlifting 1 100 000.00 0.0667 - -
Wrestling 1 500 000.00 - 0.0556 0.0556
Modern Pentathlon 1 300 000.00 - 0.5000 -
Oar 1 900 000.00 - 0.1429 -
Rugby 500 000.00 - - -
Taekwondo 1 200 000.00 - - 0.1250
Tennis 1 800 000.00 - 0.2000 0.2000
Table Tennis 2 300 000.00 0.2500 - -
Archery 1 300 000.00 - - -
Sports Shooting 2 000 000.00 0.0667 - 0.3333
Triathlon 2 000 000.00 0.5000 - 0.5000
Sailing 3 000 000.00 0.5556 0.1111 0.1111
Volleyball 3 000 000.00 1.0000 - -
Therefore, using the same data, each model has a different approach for the problem. The first model takes 
into account the data related to the number of gold medals offered for each sport as an input, which means that 
the greater is the number of medals being offered, the easier it is to win a medal. The second model takes into 
account these same data not as an input, but as the denominator of each ratio that forms the three outputs of the
model. That way, the outputs of this second model represent, respectively, what percentage of the gold, silver 
and bronze medals offered that were won by each sport. The aim is to compare the results each one of them 
brings, determining the difference of each approach and trying to make a fairer efficiency evaluation. Moreover, 
to take into account the difference in importance of the gold, silver and bronze medals, we introduced weight 
restrictions in both models: gold medal is more important than the silver medal; the silver medal is more 
important than the bronze medal; and the difference in importance between the gold and silver medals is greater 
than the difference between the silver and the bronze medals. 
4. Results and Discussions
Both models were formulated and solved using the software LINDO and the results found by each one of 
them are presented on Table 3.
Table 3. Models’ Results - Efficiency
Confederations
Efficiency
DEA non-radial Model
Efficiency
BCC Model
Athletics 1.000000 0.432667
Badminton 0.448718 0.615385
Basketball 0.329670 0.595238
Boxing 0.637255 0.769176
Canoeing 0.362319 0.434826
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Cycling 0.217391 0.217391
Water Sports 1.000000 0.492767
Fencing 0.681818 0.795455
Gymnastics 0.816327 0.505946
Handball 1.000000 0.833333
Horse Riding 0.258621 0.431034
Hockey on Grass 0.384615 0.384615
Judo 1.000000 0.678600
Weightlifting 0.681818 0.606136
Wrestling 0.444444 0.444533
Modern Pentathlon 0.532544 0.961538
Oar 0.353902 0.375974
Rugby 1.000000 1.000000
Taekwondo 0.486111 0.572917
Tennis 0.370370 0.611111
Table Tennis 0.372671 0.489130
Archery 0.384615 0.384615
Sports Shooting 0.500000 0.550000
Triathlon 1.000000 1.000000
Sailing 1.000000 0.703733
Volleyball 1.000000 1.000000
In theory when using fewer variables, average efficiencies tend to be lower, considering we are using the 
same data. However, we cannot generalize this statement in this case, as two different models were used, one 
taking into account two different inputs with a non-controllable input, and the other with just one input, also 
different values in outputs were used. 
As we can see in Table 3 some efficient sports, namely Athletics, Water Sports, Handball, Judo and Sailing, 
are no longer efficient in the second model. Some others, Rugby, Triathlon and Volleyball, remain efficient. An 
initial conclusion would be that, as expected, when using fewer variables an expected drop in efficiency is
taking place. Nonetheless, some sports had an increase of efficiency, namely like Badminton, Basketball, 
Boxing, among others. Therefore, there must be a different explanation for these results.
In analyzing more carefully and comparing data from Tables 1 and 2, and the results in Table 3, we notice 
that the most dramatic reductions in efficiency were observed in sports with higher number of offered medals, 
like Athletics, whose efficiency dropped from 1 in the first model, to 0.43 in the second; and Water Sports, 
from 1 to 0.49. These two sports have 49 and 47 offered medals, respectively. 
On the other hand, sports with little amount of offered medals have seen their efficiencies increase when 
using the second model, see for example Badminton, Basketball and Modern Pentathlon, they all have 2 medals 
offered, and Modern Pentathlon almost double its efficiency from the first to the second model used. 
Finally, sports that did not win any medals have the same efficiency in both models. Some of them are 
efficient, like Cycling, due to the reduce amount of funds receive, this is a characteristic of the BCC model 
used [4], which classifies as efficient DMUs with the higher input or output, these DMUs are called efficient by 
default. Thus, the efficiency index has to be interpreted with care.
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Therefore we can observe that the second model is really taking into account the fact that in some sports 
there are more opportunities of winning a medal and some model winning a medal is harder, i.e, the output 
variables used in the second model are taking into account the effort in winning a medal. In addition, we can 
observe that sports with greater amounts of offered medals have seen their efficiencies drop in the second 
model, when the medals won did not follow the proportion of medals won in other sports.
At this point, it is important to notice that both models are translating different premises. Both models are 
indeed evaluating the use of the financial resources received by each sport, however the first model takes into 
account just the medals won, taking as a reference the medals offered, as it is a non-controllable input, this 
variable is not use to determine the efficiency. Whereas the second model does take into account the medals 
offered as an active variable in the modeling, as the proportion of each won medal is included in the modeling,
thus including the “effort” in winning a medal as part of the efficiency evaluation of each sport in using the 
financial funds and translating them into results.
5. Final Comments
In this paper, we present and compare the results of two different DEA models. The first one was a model 
with two inputs and three outputs, input oriented in which one of the inputs is a non-controllable input, thus a 
non-controllable DEA model with variable returns to scale was used, the outputs the gold, silver and bronze 
medals won by each sport. The second model took into the effort of winning more medals, as more medals are 
offered there are more chances of winning, thus as the non-controllable input was used to calculate the 
proportion of medal won in each sport, there was only one input, we used a simple BCC model, one input and 
three outputs, the proportion of gold, silver and bronze medals won.
In comparing the data for both models and the results obtained we can conclude that the second model 
somewhat penalizes sports that have greater amounts of offered medals, penalizing for not taking the chances 
in winning more medals, and rewarding sports with fewer chances of winning medals, as it is harder to win.
This is because the second model, throughout its variables, is actually taking into account the “effort” in each 
sport to win a medal. For example, Athletics, which was fully efficient in the first model, saw its efficiency 
drop to less than a half in the second model.
Moreover, it is important to say that, as the two models have different premises in their modeling, we cannot 
state which is better to analyze the efficiency of sports in using the financial resources. The first one takes the 
medals offered as reference, focusing only in the results obtained; being the existence of a medal won a “good” 
result. Conversely, the second model, focuses not only on the medals won, but on what could have being 
obtained due the amount of offered medals in each sport. Therefore, sports with greater amount of offered 
medals “have to” win more than other sports to be efficient, which did not happen in this case study. It is up to 
the decision maker to choose between these two models to measure the efficiency of each Olympic Sport.
As future developments, we pretend to determine and compare the reallocation of financial funds of each 
sport as done in [8] with a different model. Also, we pretend to take into account the cost of each sport, as some 
sport demand fewer resources than others and also determine the reallocation of financial funds. Finally, we 
pretend to further compare all these different approaches and their reallocation of financial funds, to state 
differences and characteristics of each modeling and classify according to these. In this way, we pretend to 
provide information about the different models the decision maker could use to evaluate the efficiency and to 
allocate financial funds to each sport. On a very different direction, a new approach can be used using previous 
results to verify is the financial funds are being used to gradually increase performance over the years, this can 
be achieve by using data from many competitions over the years.
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